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Th« purpoa* of this Invoatlgatloa vm to dovolop 2 chroMtograpblc 
eoltana which would anabla a aaaa .apaetral Idantifleation of 40 
apacifiad eoapounda. Tha and-uaa of Chaaa eoluana will bo aa part of 
a toxic gaa analyaar, which incorporataa an autoaatad gaa chroaatograph- 
■aaa apactroaater. Tb« coluan davalopaont work waa» tharafora, 
conatrainad by tha uaa of low carriar gaa flow rataa of hydrogan 
(noadnally 45 cc/sin), and both aaapling and intarfaca conai'^arationa 
coopatibla with tha officiant oparation of tha naaa apactroaatar. 

Six diffarant typaa of atationary phaaaa hava boon invaatigatad 
during tha couraa of thia affort* Tha eoluana uaad wara of tha opan 
tubular capillary typo and wara nada of niekal. Liaitationa of initial 
and final tan^aratura of oparation lad to final davalopmant of a 
coluam which could raaolva noat of tha compounda roqulrad. Tha faw 
unraaolvod componanta ara capabla of raaolution and idantifleation by tha 
■aaa apactronatar. Tha columns (182m Ni x 0.8m O.D x 0.5mm l.D) 
coatod with Witconal LA 23, yialdad in axcaaa of 200,000 thaoratlcal 
plataa and conplatad the analyaia in laaa than 90 mlnutaa \ialng a 
carriar gaa flow rata of 4 cc/mln hydrogan. 


ZmODUCTIGM 


1.1 Objaetlv* 

Th« prlaary obj«ctiva of thli study Is to prspsrs two chroao- 
togrsphle eolusns which srs copsbls of resolving 40 given orgsnlc 
eowponents present In the staosphere of asimed spscecreft (Teble 1). 
The operetlonel requlreaents Include the potential use of hydrogen 
as a carrier gas with a nsxlwun flow rate of 5 nl/nln. 

MATIKIALS AND METHODS 

2. 1 Analytical equipment 

Evaluation of column performance waa made on a Parkin Elmer 
Model 3920 gas chromatograph using a Shlmadsu 1 mv potentronetrlc 
recorder. 

2.2 Carrier gas 

After Initially using helium as the carrier gas It was decided 
to change to hydrogen for the following reasons: 

(a) gas chromatograph-mass spectrometer being designed by 
Beckman/Perkln-Elmer will be using a Palladium 
separator. This requires the use of hydrogen as a 
carrier gas* 

(b) the time for analyses would be significantly reduced 
without a corresponding loss In resolution. 


2*3 T«st saiplM 


Tabla 1 is a list of ths 40 ehsaicsl cos^>ounds that hsTS bsan 
idantifiad as prasant in spacacraft atnosphares. Each of Cha 
eoapounds has baan assignad a nuaf>ar for idantification purpooas. 

Sinca liquid saaplaa vara usad to avaluata tha coluans, a 34 
coaponant aixtura was praparad as tha tast tiixtura. 

2.4 Coluaoa 

Tha initial atudy (aaa Final Bapoxt MAS 9-14001) concludad 
that open tubular capillary columns would ba tha aoat daairabla. 

Sinca nickal tubing has battar tharmal charactaristica and is aasily 
coatad (1) tha high dagraa of rasolution raquirad obviatad tha usa of 
packad columns or short support coatad opan tubular coluana. Fur that, 
pravious atudiaa hava indicatad that tha usa of hydrogen as a 
carriar gas in nickal coIusbui posed no problems (1). Coluana were, 
therefore, obtained from Handy and Harman Tube Company, Norristown, 
Pennsylvania in lengths of 91.4m, O.D. ■ 0.8mm, I.D. ■ 0.5am. 

Tha compounds listed in Table 2 ware usad as stationary phases 
in an attempt to affect better resolution, and minimum analysis time. 
All of these phases are sK>derately polar and have comparable 
temperature lladtatlons of 170*C. In each case a 91.4m column was 
r.cated and tested. 

2.5 Conditioning of columns 


In order to minimize bleed iron chromatographic columns it is 


lABLI 1 


Nu^«ring 8y«t«i for Spaeoeraft Organlea 


Bolllnt Point *C 

Coapouad 

Coda nwDbar 

-191. S 

Carbon aOnoxlda 

1 

-24.2 

Mathyl ehlorlda 

2 

-6.3 

1-Butana 

3 

-4.4 

1»>-Butadlana 

4 

9.0 

Dlchlorofluoroaathana 

5 

20.e 

Aeataldahyda 

6 

34.0 

laoprana 

7 

37.0 

Vlnylldana ehlorlda 

8 

40.0 

Mathylana ehlorlda 

9 

48.8 

Proplonaldahyda 

10 

53.0 

Aerolaln 

U 

65.0 

Mathanol 

12 

67.0 

Tatrahydrofuran 

13 

74.1 

Mathylehlorofon 

14 

75.7 

Butyraldahyda 

15 

76.5 

Carbon tatraehlorlda 

16 

77.0 

Ethyl aeatata 

17 

79.6 

Mathyl athyl katona 

18 

80.1 

Baniana 

19 

82.4 

laopropanol 

20 

83.4 

1, 2-Dlehloroathana 

21 

87.0 

Trl eh lor oa thy lana 

22 

97.4 

n-Propanol 

23 

99.5 

laobutanol 

24 

101.0 

1,4-Dloxana 

25 

101.6 

n-Propyl aeatata 

26 

110.6 

Toluana 

27 

117.2 

laobutyl aeatata 

28 

117.2 

n-Butanol 

29 

118.0 

Mathyl laobutyl katona 

30 

121.0 

Tatraehloroa thy lana 

31 

126.5 

Butyl aeatata 

32 

132.0 

Chlorobanzana 

33 

136.2 

Ethylbanzana 

34 

138.4 

p-Xylana 

35 

139.1 

•-Xylana 

36 

145.2 

Styrana 

37 

159.2 

n-Propylbanzana 

38 

164.7 

Maaltylane 

39 

180.5 

o-Dl eh lorobenzena 

40 


I 



iTAiioMAnr nusES tutid 
• 

(1) Mopmtyl glycol tueclncto 

(2) UOON 50 HB 2000 

(3) UCOH U 1200 X 

(4) TRITON X-305 

(5) Baulphor ON-870 

(6) Hitconal L>23* 



^Itconcl LA-23 la a polyoxyathylana lauryl athar which la 
nonally uaad aa an oll-ln-watar amulalflar. It la availabla 
froB Wltco Qiaialcal Corporation* 3230 Brookfoald, Houaton* 
Taxaa 77045. 
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tlM usual praetlca to condition or stabillss the eoluan with carrier V 

gas flowing, at an alavatad taaparatura, ganarally at laast 20*C 

above the ■arluuai operating taaparatura. It was nacaaaary, tharafora, 

to condition all capillary coluana prior to uaa. The procedure was 

standarlsad aa followst with the carrier gas flow rata sat to 

between 3 and 10 cc/aln, the eoluan waa flrat heated for one hour 

at S0*C, and the taaparatura then raise d by prograaaing at 2*/aln to 

a taaparatura 20*C above the highest taaparatura at which tha eoluan 

was to be operated. For axaapla, for tha Wlteonal phase a maxlaua 

eoluan taaparatura of 150*C was salaetad, tharafora, tha conditioning 

tai^aratura was sat to 170*C. Tha eoluan la than held at this 

final taaparatura for eight hours. 

However, It la Important to recognise that each liquid phase 
also haa Its own aaxlmua teaperature of operation, which depends, 
of course, on Its thermal stability. In the case of the Wlteonal 
phaae this temperature le approximately 170*C, consequently, columns 
coated with Wlteonal were always operated at a temperature considerably 
below this value to ensure minimal bleed. 

2.6 Selection of the liquid phase 

During the course of this study It became apparent from 
limitations Imposed by the GC/MS system that the column would have 
an initial temperature of 60* and then be programmed to 120* whereas 
all of the stationary phases tested could meet these particular 
requirements the resulting resolution was unsatisfactory for most of 


thM - f fl .-Cleularly for tho lowor aolocular coapoundo. 

USULT8 

9.1 Porforaanco of opon tubular doluana 

fix otatlooary phaaaa vara taatad oa 91.4a x 0.5aa I.D. nlekal 
opaa tubular coluaaa. Voaa of tbaaa coluans fulf Iliad all of tha 
raqulraaaata of tha Flight Contaalnant Traca Analyaar. Ivaluatlona 
vara aada on tha baala of aaparating aleohola» aroaatlea and a 
taat alxtura coatainlng most of tha daalrad eon^onanta. Tha 
uaauecaaaful coluaaa and raaaona for thalr prallalnary rajactlon 
ara llatad In Tabla 3. 

Tha raqulraaanta of an initial taaparatura of 60* aada 
raaolutlon of aarly coaponanta vary difficult. Although Coluan 6 
(Witconal LAr23) appaarad boat for tha ovarall saparatlon, it too 
could not rasolva tha low aolacular weight coapounda. A coaproalsa 
waa raachad by uaing a coluan of twlca tha length, i.a. 182a. Thia 
coluan could Indeed reaolva coapoimda 6 through 40 except for 
tetrahydrofuran, aethylchlorofora and butyraldahyde which appear aa 
one peak. Thaae and pcaka 1-3 ara eaally Idantiflabla by aaaa 
apactroaetry. 

A chroaatograa of the final coluan la ahown in Figure . The 
operating condltiona were aa followat 

184a X 0.5aa I.D. Nickel Witconal IA"?.3 coluan 

Carrier gaa t hydrogen 

Flow rate: 4 al/aln 

Teaperaturet 60* laotheraal for 30 alnutea 
40/aln to 120* 
laotheraal at 120* 

Tlae of analyala: 83 alnutea 


TABU 3 


CAPILLAKT COLUMN PEBTOBMAMCE 


Colu 

■n ■ 91.4a x O.Saa I.D. 

Coaaanta 

(1) 

Maopantyl glycol aucclnata 

alcohola not raaolvad - aoaa 
filing difficulty in coating 
eoltam 

(2) 

UOOM 50 HB 2000 

aathanol talla • 25 coapounda 
raaolvad 

(3) 

UOai U 1200 X 

aathanol taila • 23 coapounda 
raaolvad 

<4) 

TBITOM X-305 

aroaatica and halocarbona 
poorly raaolvad 

(5) 

Xaulphor OH-870 

24 of 34 coaootmda raaolvad 

UDdar tha daalrad condltlona 



for final eolunn tooting. Tho proeoduro for cooting tbo Ibda by 


O.Sna I.D. eoluono woo otondordiood oo foUowoi 
Cooting Soluti on I 

10.0 groM of Witeonol U^23 

Diooolvo in lOOnl of dilorofora 

A 20nl aliquot of this coating solution vos oddod to a rooonroir to 
which tho cloonod capillary eolunn was attachad. A sourea of 
nitrogan gas was connactad through a Brooks flow controller to tha 
raaarwoir with tha outlet praasura aat to 12pai. Tha valoeity of 
tha coating volution through tha eolunn was adjusted by naans of 
tho flow controller to 3 nai/sae. Tha carrier gas flow was naintalnod 
for a nininun of two hours to resK>vo excess solvent. Tha eolunn 
was than conditioned as described in Section 2.5. Colunns were 
tested with an injection of alcohols and »- and p- aronatics. Satisfactory 
resolution of g»> and p- xylene and the lack of tailing of alcohols was 
taken as the first indication that the eolunn was acceptable. To 
confim perfomance the nulti-conponent mixture was injected. 

S.O Interface with the Mass Spectroneter 

The principal consideration associated with the Integration of 
any chronatographic colusn with a nass spectroneter is the naxinun 
pemissibla carrier gas fhM rate. For the purposes of the colusn 
developnent work the ' low rate was set not to exceed 5 cc/nln. 


tely liydrotm m • caxtimt gM has baaa used la th« prasaat •sparlanta. 
Vydrogaa vm aaeaMary slnea it wMt ba uaad with tha Falladlua/filvar 
aaparator. Tha Viklag/Nara 6aa chroaatotraph-Maaa apaetroaatar la, 
la fact, latarfaead with aa alaetrochaaleal Palladlua/lllvar aaparator 
and baa already baaa aubjaetad to tha rlgora of flight aecaptaaca 
taata. 

Alao of Irportaaea la OC-MI applleatlooa la tha extant of 
eoluan bleed. Thera era tao aapacta to thla quaatloa, flrat eoluan 
bleed auat not ba ao great ao aa to e^uaa an Ineraaaa la tha Ion 
aourca praaaura, and oaeoodly It ahould not contribute ao aaay 
fragaeat Iona that they Intarfara with the aaaa apactral 
Intarpratatlon. Tha Wltconal phaaa haa, of couraa, bean aalactad 
for Ita aaparatloa charactarlatlca with raapcct to tha raaolutlon 
of tha 40-coaponant teat alxtura. Thera la, howevax; aoaa concern 
that their polar atructure could contribute to long texa poor theraal 
atablllty. To of fact thla potential problea, a aaxlaua operating 
taaperature of 120*C haa been aet for the Wltconal eoluan, and this 
la reached during taaperature ,/rograaalng rather than set Isotheraally. 

6.0 Coluan Testing 

0 

Coluan testing was effected using the sxperlaantal srrangeaent 
Illustrated In Figure 2. 1 al vapor saaples of the test alxtura are 

Injected every hour by an autoaatlc saaple Injection valve (Valeo 
Instruaent Co., Houston, Texas), driven by an air operated solenoid. 

The actual saaple valve configuration Is shown In Figure 3. The 


eoltan vm nm for a porluJ of 60 d«ya and ehaekad ehroMtographleally 
on altamata daya. 

7t0 Coluaa Doll vary 

Coluaaa wora dallvarad to tha Aceountabla Proparty Of floor 
807402 (raealrod by Way land J. Klppataln) aa followat 

Tabruary 19, 1976 Coluan Mo. AZ-1 NAS 9-14763 
July 29, 1976 Coluan Mo. AZ-2 MAS 9-14763 

8.0 Maw Tachnology 

During tha couraa of thla Inwaatlgatlon, aaeh phaaa of tha 
work haa boon aaaaaaad for any davalopaanta which night poaalbly 
ba ragardad aa now tachnology. All of tha oathoda uaod In praparlng 
and taatlng (»luana ara conaldarad to ba atata-of-tha-art. Mo novol 
or original Itaaa of hardwara ot roclpaa havo boon davalopad aa a 
conaaquonca of this work; and wa ballava, thoraforo, that thara ara 
no ara as of thla raaaarch which would qualify aa Itaaa of now 
tachnology. 


UnUMCES 


(1) tf. B«rtseh, f, Shunbo» K. C. Chang and A. Zlatkla, Chronatographla, 
2 » 128 ( 1974 ). 
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ColuMit 184 b X O.Sbb I.D. nlckal 
coBtad with Wltconal LA-23 


Flow lata I 4 bI/bId hydrogan 


Taapt 


60* Isothanal for 30 Blna, 
4*/Bln to 120* than iaothar- 

aal at UO* 


Tiaa of Analyalai 8S alna. 
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•MtAldshyds 

Isopran* 

vlnylidsn* chlorlda 

Mthjrlan* ' chlorld* 

proplonaldahyds 

acrolaln 

Mthanol 

tatrahydrofuran 

nathylchloroform 

butyraldahyda 

carbon tatrachlorlda 

athyl acatata 

nathyl athyl katona 

banaana 

laopropanol 

1, 2-dlchloroathana 

trlchloroathylana 

n-propanol 

laobutanol 

l,A-dloxana 

n-propyl acatata 

toluana 

laobutyl acatata 
n-butanol 

mathyl laobutyl katona 

tatrachloroathylana 

butyl acatata 

chlorobanxana 

athylbanaana 

p-xylana 

m-xylana 

styrana 

n-propylbanaana 

mesltylana 

o-dlchlorobansana 
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SAMPLE VALVE CONFIGURATION 



